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Abstract
Interactions between biomolecules and ligands play a critical role in medicine and biotechnology. Recovery of biomolecules in the pure form from a natural source and / or synthesized by a biotransformation route involves multiple steps and processes such as centrifugation, extraction, affinity chromatography and affinity ultrafiltration. Affinity based techniques are attractive as they provide higher selectivity and specificity and have emerged as an efficient bioseparation strategy for enzymes [Sii et al (1991)] and proteins [Senstad et al (1989)]. Affinity precipitation is a convenient bioseparation technique as it eliminates most of the drawbacks associated with affinity chromatography methods. Moreover, it offers ease of scale up, concentration and purification. The technique can be made into continuous operation process and the ligand used can be recycled. Affinity precipitation method usually consist of hetero bifunctional ligands coupled to the stimuli sensitive polymers e.g. poly N-isopropyl acrylamide (NIPA). Polyvalent interactions involving proteins and carbohydrates play a critical role in biological systems. It has been realized that the polyvalent ligands bind more efficiently to the receptor than monovalent ligands [Sigal et al (1994)]. Ligand substrate interactions can thus be enhanced by designing polymeric affinity ligands which possess conformation for binding to the target biomolecule. The present investigation was undertaken to design, synthesize and evaluate stimuli sensitive affinity polymers containing NAG for enhanced binding and recovery. Role of polymer composition, polyvalency and steric stabilization was also investigated. Molecularly imprinted polymers were also synthesized using lysozyme as a template. The molecularly imprinted polymers prepared in the presence of lysozyme exhibit enhanced binding than polymers prepared in the absence of lysozyme. The affinity precipitating polymers exhibiting optimum binding have been used for the recovery of lysozyme. The methodology can be replicated for other ligands e.g. inhibition of haemagglutination of host Red Blood Cells (RBC's) by influenza virus occurs through sialic acid ligands. The polymeric NAG ligands investigated are stable, water soluble and are not hydrolyzed by lysozyme. The research work undertaken is presented in seven chapters and a brief outline of each is given below: Chapter 1: Literature survey This chapter provides an overview of various aspects of the stimuli sensitive affinity polymers especially, thermoprecipitating polymers. The effect of the monomer composition on phase separation is highlighted. The ligand-substrate binding is the key in biological processes. This has been illustrated with a discussion on protein carbohydrate interactions especially, the role of polyvalent ligands in enhanced interactions. Lastly, the advantages of designing tailored stimuli sensitive polymers containing target specific ligands is reviewed. Chapter 2 : Objectives and scope of the work The review of the literature reveals specific gaps. The objective of the present investigation is to bridge some of these gaps. While the objectives have been set in broader terms, the scope has been limited to illustrate the new methodologies proposed for enhanced binding with specific references to lysozyme as a biomolecule and NAG as the ligand. Chapter 3: Experimental work : Designing of novel affinity precipitating polymers for biomolecules This part deals with the design and synthesis of newer affinity thermoprecipitating polymers containing NAG. Spacer arm 6-Amino caproic acid (6-ACA) was incorporated into NAG monomer for enhanced access to the active site of lysozyme. Thermoprecipitating copolymers of Ac.NAG and NIPA; NIPA and methacryloyl NAG and NIPA and macromer were prepared. Monomer reactivity ratios were determined using Kelen-Tudos method to investigate their copolymerization behaviour and effect on copolymer structure. Block copolymers comprising varying NAG and NIPA sequences have been synthesized. Imprinted polymers are prepared in the presence of lysozyme as a template molecule and compared with the copolymers prepared in the absence of lysozyme. This chapter presents details of synthesis and characterization using IR, NMR, vapor pressure osmometry of various monomers, oligomers, macromer, random as well di and triblock polymers synthesized to evaluate the effect of polymer architecture on substrate binding. It also describes various techniques such as enzyme inhibition, fluorescence spectroscopy used to evaluate the efficacy of the polymeric ligands. Chapter 4: Results and discussion The inhibition of lysozyme by NAG in the form of monomer, oligomer, macromer, copolymer and molecularly imprinted copolymer with N-isopropyl acrylamide was studied. Oligomers of NAG of varying molecular weights were evaluated for their efficacy. The oligomer of molecular weight 638 exhibited highest association constant (k a = 5.3 x 10 5 M -1 ) which was three orders of magnitude higher over NAG itself indicating the polyvalent effect. Binding between lysozyme and NAG is substantially enhanced in case of oligomers since the NAG units are in juxtaposition to one another. The copolymers of acryloyl NAG and NIPA prepared by the conventional free radical polymerization result in block copolymers as evidenced by the comonomer reactivity ratios. These copolymers exhibit substantially enhanced binding as compared to the copolymers of NIPA and methacryloyl NAG, in which methacryloyl NAG is randomly distributed along the polymer chain. Macromers comprising NAG form random copolymers with NIPA, yet exhibit enhanced binding with lysozyme. The competitive binding experiments in presence of Biebrich scarlet show that oligomers, macromers block copolymers and imprinted polymers containing NAG units in juxtaposition occupy the catalytically active site of lysozyme. The synthetic methodologies demonstrate alternative means of synthesizing polymers having tailored ligand architecture, which inhibit lysozyme far more efficiently than NAG. A detailed discussion of these findings is provided in this chapter. Chapter 5: Recovery of lysozyme : Since the objective of undertaking binding studies was to tailor polymer structures for enhanced binding to lysozyme for recovery, the recovery of lysozyme using tailored thermoprecipitating polymers was undertaken. The specific activity of lysozyme recovered using block copolymers was maximum (92 % ) whereas for copolymers it was 73 %. These values are higher than any reported in the literature. Chapter 6 : Summary and conclusions This chapter summarizes the important conclusions of our studies. An attempt is made to enhance substrate-ligand interactions by designing polyvalent ligands. The role of polymer architecture influences the binding and inhibition of lysozyme. Binding constants (K b ) was increased whereas the inhibition constants (I 50 ) decreased substantially for the oligomers, macromer, block copolymers and imprinted polymers containing polyvalent NAG. It also highlights the importance of tailoring ligand sequences along the polymer chain for enhancing the interactions. The investigations have resulted in the filing of six US patent applications as listed below and the publications based on this work are under preparation. Chapter 7: Directions for further work This investigation has helped to highlight the importance of tailoring polymer architecture for enhanced substrate binding and provided structural evidence in support of the results obtained and the explanations offered. It has also brought to attention new synthetic strategies and experimental techniques which can be exploited for further investigation into these and related areas. Polyvalent ligands appear promising for enhancing interactions and the bioseparation. Moreover the polyvalent ligands such as sialic acid, mannose, galactose can be used as alternative therapeutics to drugs and antibacterial as they are not expected to lead drug resistance. Possible applications of the materials so developed have been highlighted. 
  	 


